Key Summary Points {#d29e214}
==================

Diabetic ketoacidosis frequently requires hospital admission which is costly and disruptive to patients.Outpatient treatment can be risky because of erratic subcutaneous insulin absorption and stacking.We report a patient treated successfully for diabetic ketoacidosis/ketosis with inhaled insulin in the outpatient setting.This unique use for inhaled insulin needs to be tested in a randomized controlled trial.

Introduction {#Sec2}
============

Technosphere inhaled insulin (human insulin, TI) is not currently indicated for diabetic ketoacidosis (DKA) \[[@CR1]\]. In phase III clinical trials of patients with type 1 diabetes, DKA was more common with inhaled insulin (0.43% versus 0.14%), probably because of the longer action of the comparator insulin (aspart) \[[@CR2]\]. However, in a situation where high insulin levels are rapidly needed to metabolize ketone bodies and avoid hospitalization, TI may be an alternative to subcutaneously injected fast-acting insulins, not only because of its rapid onset of action and shorter half-life but also the lack of stacking leading to late-onset hypoglycemia \[[@CR2], [@CR3]\].

We present a case of DKA in a patient with type 1 diabetes where administration of inhaled TI resolved the ketosis without the use of short-acting subcutaneously or intravenously administered insulin and eliminated an emergency room/hospital visit. Patient permission for this publication was obtained.

Case Presentation {#Sec3}
=================

A 64-year-old woman with a history of type 1 diabetes diagnosed at age 5. Her current diabetic therapy included once daily degludec insulin and inhaled TI 3--6 times daily. She had excellent glycemic control (most recent HbA1c 6.8%) without severe or frequent hypoglycemia. Her only diabetic complication was mild distal symmetrical polyneuropathy.

Following a Christmas party, she developed severe gastroenteritis and uncontrolled vomiting which progressed to severe ketosis (urinary ketone bodies, acetoacetate, and acetone exceeding 160 mg/dl) and severe dehydration. Once her vomiting was corrected with promethazine suppositories (every 4 h) and dehydration improved, the severe ketosis persisted in spite of serum glucose levels in the 90--120 mg/dl range.

With the patient regaining her ability to absorb and maintain oral intake, she was started on inhaled TI, four units every hour. Her glucose was monitored with the Dexcom G6 continuous glucose monitoring device with a goal of 90--150 mg/dl. She was advised to inhale 8 units if her glucose read over 150 mg/dl. After 4 h, no urine ketones were reported, her serum glucose was 105 mg/dl, and she resumed her usual diabetic regimen. In addition, she did not experience any hypoglycemic episodes during the hourly inhaled TI.

Inhaled TI at the lower doses utilized in this patient appears in the plasma within 1 min, with a measurable effect in 12 min, peak effect at 35 min, and return to baseline within 90 min. The intra-patient variability is approximately 28% (95% CI 21--42%) \[[@CR1]\]. Even the fast-acting form of aspart insulin (Fiasp^®^), which appears by 2.5 min, with a measurable effect in 20 min, and peak effect at 1.5--2 h, only returns to baseline at between 5 and 7 h \[[@CR4], [@CR5]\]. However, these levels can be severely affected by dehydration, so that not only will the correction of ketosis be delayed but later with rehydration high serum insulin levels can lead to hypoglycemia and hypokalemia. Ideally DKA should be treated intravenously with insulin where steady serum insulin levels can be achieved avoiding those complications \[[@CR6]\]. However, in the home setting this is rarely possible and the less efficacious subcutaneous route is the only alternative. This results in an increased likelihood of an emergency room visit or a hospitalization.

Access to inhaled TI in the home setting may be more effective and less risky in preventing ketoacidosis, hospitalization, and/or emergency room visits \[[@CR7], [@CR8]\]. However, to be approved for the treatment of DKA, a prospective, randomized study comparing the efficacy and safety of TI insulin with intravenously administered insulin would have to be performed.

Conclusion {#Sec4}
==========

Technosphere inhaled insulin may be more efficacious and safer in the outpatient management of diabetic ketosis/ketoacidosis than standard subcutaneously injected rapid-acting insulin. This hypothesis should be validated by a randomized, prospective study.
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